The second phase (negative peak) of the early receptor potential of cones has been studied in the all-cone eyes of the Mexican and antelope ground squirrels (Citellus mexicanus and Citellus leucurus) and compared with responses from the rod-dominant eyes of the rat and flying squirrel (Glaucomys volans). The responses obtained from the all-cone eyes tended to be smaller in amplitude, to have higher thresholds, and to be considerably more resistant to light adaptation than the responses from the rod-dominant eyes. The wave forms and time courses of the two types of responses were similar, although the cone potential tended to be less sensitive to temperature variations and its time constants tended to be shorter than those of the rod potential. The spectral sensitivity of the second phase of the early receptor potential of the Mexican ground squirrel closely follows the absorption spectrum of a Dartnall nomogram pigment having its absorption maximum at 540 mju. Moreover, as in the case of the rat, the amplitude of the response appears to be linearly related to the amount of pigment bleached in a flash. Thus, in both all-rod and all-cone systems the early receptor potential appears to arise in the photoexcitation of the respective visual pigment and appears to be closely linked to the initial photochemical events. The similarity of the wave form, time course, and stimulus-response curves in the two systems suggests that the early receptor potential is produced by similar mechanisms in all-rod and all-cone systems.
INTRODUCTION
The possibility that the early receptor potential may be closely linked to the initial events in the photoexcitation of vertebrate visual receptors has prompted intensive studies of the properties of this response (1) (2) (3) (4) (5) . Most of these studies have been performed either on mixed (rod and cone) eyes (1, 3, 6) or on the essentially all-rod eye of the rat (3) (4) (5) . Although the early receptor potential has been demonstrated in both rods and cones (1) (2) (3) , no systematic studies of the response in the all-cone eyes have yet been reported. The present work was undertaken in order to study the early receptor potential in all-cone eyes and to compare the response in cones with that in rods. The properties of responses in which possible similarities or dissimilarities were looked for ineluded the wave form and its temperature dependence, the spectral sensitivity, and the stimulus-response relationship.
MATERIALS AND METHODS
Most of the existing information on the early receptor potential of rods comes from the essentially all-rod retina of the albino rat. As it happens, the only mammals known to have pure-cone retinas also belong to a family of rodents, the Sciuridae. The retinas of one member of the Sciuridae, the ground squirrel, are said to be definitely pure cone (7) (8) (9) . The flying squirrels, on the other hand, are nocturnal and are said to have nearly all-rod retinas (8, 9) . In this work two species of ground squirrel were examined: the Mexican ground squirrel (Citellus mexicanus) and the white-tailed antelope ground squirrel (Citellus leucurus). For purposes of comparison, essentially all-rod retinas of the albino rat (Sprague-Dawley) and flying squirrel (Glaucomys volans) were also examined, all under nearly the same experimental conditions.
The experimental arrangement and techniques have been described previously (4, 5) . The responses were obtained from excised eyes by means of the conventional electroretinographic techniques using gross electrodes. Throughout the experiment only fully dark-adapted, freshly excised eyes have been used. The stimulus source consisted of a 60 joule photographic strobe lamp having a flash duration of less than 0.7 msec. Artifacts were minimized by housing the lamp in a soft steel box, carefully shielding the electrodes from the flash, and housing the entire apparatus within a Faraday cage. The spectral sensitivities were measured using a set of five Baird-Atomic interference filters transmitting at 420, 450, 500, 560, and 620 m!x. The band width of each filter at 10% of its peak transmission was found to be about ±6 m/x.
RESULTS

Wave Form
The wave forms of the early receptor potentials of the ground squirrel, flying squirrel, and rat eyes were observed at temperatures between 35° and 0°C. The signals obtained at 35 25 and 0°C in the eyes of the Mexican and antelope ground squirrels are shown in Figs. 1 and 2, respectively. The signals obtained in the eyes of the rat and the flying squirrel under very similar experimental conditions are shown, respectively, in Figs. 3 and 4. In each figure the trace labeled "A" corresponds to the response obtained at about 35 °C, and the traces labeled "B" and "C" correspond to responses at 25° and 0°G, respectively.
Under given experimental conditions much larger signals were obtained from the rod-dominant eyes than from the all-cone eyes, and the threshold of the response of the rod-dominant eyes, as determined by the experimental noise level, was found to be about one log unit lower than that of the responses from the pure-cone retinas. Furthermore, under repeated or prolonged ex-posure to the light stimulus the rod responses are reduced or abolished much more readily than the cone responses. These observations are consistent with the expected differences in sensitivity of rods and cones to light stimulus. However, no attempt has been made to quantitatively compare the light sensitivities of rods and cones from these results, since, except in the case of the rat (10), the amount of light absorbed by the visual pigment is uncertain. 
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As may be seen in Figs. 1 through 4, the gross features of the wave forms of the early receptor potentials in the four animals examined are similar. In all four cases only a suggestion of the initial phase (positive peak) of the early receptor potential is present near the physiological temperature (Figs. 1 A, 2 A, 3 A, and 4 A). As the eye is cooled, the amplitude of the second phase (negative peak) decreases and the first phase (positive peak) becomes increasingly more prominent (Figs. 1 to 4).
However, certain differences do appear to exist in the wave forms of the early receptor potentials of rods and cones. In our temperature ranges it was particularly convenient to study the second phase. In the four animals examined, the second phase appears to have a shorter time course in the all-cone retinas than in all-rod retinas. Thus, near the physiological temperature the time constants have been observed in the later retinal potentials (a-and bwaves) of rods and cones (11) .
As the temperature of the eye is lowered, the time constants of the second phase increase and the amplitude decreases. The effects of cooling, at least among these four animals, are much more pronounced in the rod-dominant eyes than in all-cone eyes. Thus, the differences in time constants between rod responses and cone responses become much more pronounced at lower temperatures. Moreover, in rod-dominant eyes the second phase is suppressed by cooling much more readily than in all-cone eyes and is abolished near 0°G (Figs. 3 C and 4 C), whereas in the ground squirrel eyes the second phase is still present at this temperature (Figs. 1 G and 2 C).
Stimulus-Response Relationship
It has been shown that in the all-rod eyes of the albino rat the amplitude of the second phase of the early receptor potential is linearly proportional to the amount of pigment bleached by a flash (3). In the same animal the first phase also has been found to display a similar linear relationship (4). This linear relationship has been interpreted as suggesting a very close coupling between the generation of the response and the photoexcitation of the visual pigment. It is therefore of interest to see whether a similar stimulus-response relationship exists in the all-cone eyes of the ground squirrel.
We present in Fig. 5 the amplitude of the second phase of the early receptor potential obtained in the Mexican ground squirrel at about 35 °C as a function of the flash energy on a double log plot. The amplitude of the response is given in millivolts, and the flash energy, in units of the threshold energy. A straight line of unit slope fits the experimental data for the first 1.0 log unit or so above the threshold. At higher flash energies the experimental points begin to deviate from the straight line and start to form a plateau. However, this response differs from that in the rat, in that a full plateau is not obtained even with the highest flash energies available. Otherwise the curve we obtain is similar to that obtained by Cone (3) for the all-rod retinas of the albino rat. Thus, it appears that the amplitude of the early receptor potential of cones may also be linearly related to the number of visual pigment molecules excited or bleached in a flash.
Spectral Sensitivity
One of the more obvious differences to be expected in all-rod and all-cone responses is in their respective spectral sensitivity. The early receptor potential tended to be small in the live squirrel. Therefore, the spectral sensitivity of the second peak of the early receptor potential was measured on excised eyes of the Mexican ground squirrel at a temperature of about 35 °C by measuring the stimulus intensities needed to elicit equal amplitude responses at five different wavelengths. No attempt was made to measure the spectral sensitivity of the first phase.
The data were corrected for the spectral distribution of the stimulus flash and the spectral absorption of the ground squirrel lens. The results are plotted in Fig. 6 along with the spectral sensitivities of the two peaks of the early receptor potential and the b-wave of the rat (3, 4, 12) . The errors indicated on Log flash energy (arbitrary unit)
FIGURE 5. Stimulus-response relationship of the second phase of the early receptor potential in the Mexican ground squirrel at about 35 °C. The amplitude of the second phase of the early receptor potential in the all-cone eye of the Mexican ground squirrel is plotted against the stimulus intensity on a double log plot. The amplitude is given in millivolts, and the stimulus intensity in units of the threshold intensity. The straight line represents a line of unit slope.
the cone spectrum points represent statistical errors and do not include any systematic errors that may arise in the correction procedures or in the optical arrangement. The dashed line is the absorption spectrum for a Dartnall nomogram pigment having its absorption maximum at 540 m/z (13) . The agreement between the experimental points and the calculated curve is satisfactory.
A few years ago Tansley et al. (14) published spectral sensitivity curves based on the b-waves of seven species of diurnal squirrels. Their curves showed two maxima at about 535 and 490 m/z. They found that two typical curves could be obtained from the same animal under the same experimental conditions, each having one of the maxima markedly higher than the other. The appearance of one type of curve rather than the other appeared to be entirely unrelated to any experimental conditions that they could control. Such "shifting of peaks" as that observed by these workers in the action spectrum of the b- wave was not seen in the action spectrum of the early receptor potential. Our results are consistent with that set of curves in which the 535 m/i peak is high. On the other hand, because of the high stimulus intensity required to elicit the early receptor potential, it was not possible to explore the presence of the secondary peaks in the action spectrum of the early receptor potential with our present setup. X Also, the absorption spectrum of the visual pigment in the retina of the thirteen-lined ground squirrel (Citellus tridecemlineatus) has been measured by Dowling and Brown by means of microspectrophotometry (7) . The maximum of the spectrum was found to be 523 m/z and the curve was slightly narrower than that of a Dartnall pigment.
DISCUSSION
The results of the present studies indicate that the second phase (negative peak) of the early receptor potentials of rods and cones display essentially similar properties. In both cases a linear stimulus-response relationship has been obtained. The temperature dependence of the wave form is also similar. In both cases lowering the temperature of the eye tends to preferentially reduce the amplitude of the second phase, making the first phase more prominent. However, cooling appears to affect the second phase of rods much more readily than the corresponding cone response.
Recently, Brown (15) reported that an early potential having a polarity and time course similar to those of the second phase of the early receptor potential can be obtained from the pigment epithelium-choroid complex of the toad. Unlike the early receptor potential, the new potential was found to be highly resistant to light adaptation.
Conceivably a part of the differences in wave forms of the early receptor potentials of the four animals examined may be due to different degrees of contamination by the new potential. In the case of the rat, however, any contamination of the early receptor potential by a photostable component, such as the new potential obtained in the pigment epithelium-choroid complex, if present at all appears to be negligibly small at our stimulus intensity, since the response obtained in the whole eye can be readily abolished or reduced to a negligible size by repeated stimuli (16) . In the case of the Mexican ground squirrel, on the other hand, a potential similar to that described by Brown can be obtained from the pigment epithelium-choroid complex. However, neither the amplitude nor the peak time of this potential changes very much with temperature variation between 25° and 35 °C, whereas the total negative potential undergoes a marked increase in amplitude and decrease in peak time (Fig. 1) . It is, therefore, inferred that the dominant negative potential near the physiological temperature in the intact eye of the Mexican ground squirrel is the second phase of the early receptor potential. This conclusion is strengthened by the observation that at 35 °C about 60% of the negative potential can be readily abolished in about three or four flashes. A part of the remaining response probably is due to the presence of the pigment molecules which have been rephotoisomerized to the 11 -cis form from the intermediate states during the preceding flash sequence. Thus, near the physiological temperature at which most of the present series of experiments were carried out, the contamination by the new potential arising from the pigment epithelium-choroid complex appears to be relatively small.
A possible difference in threshold of the early receptor potential and the new potential has been studied in the frog eye by examining the potentials from the excised retina and the eye cup. The threshold of the potential from the pigment epithelium is found to be more than one log unit higher than that of the early receptor potential at room temperatures. Since the action spectrum of the second phase of the early receptor potential was based on near threshold responses, the spectral sensitivity curve of the second phase should be little affected by the presence of the pigment epithelial potential.
It is possible, however, that the observed difference in temperature dependence of the wave forms in the four animals examined may be due to different degrees of contamination by the potential from the pigment epithelium-choroid complex.
The action spectrum of the early receptor potential in the all-cone eye of the ground squirrel clearly indicates that the pigment responsible for the second phase is not rhodopsin. The fact that the spectrum agrees well with Dartnall's nomogram curve peaking at about 540 m/x is suggestive of the absorption spectrum of one of the cone pigments (17) . Unfortunately, the interpretation of the existing information on the spectral sensitivities of the squirrel retina (14, 18) is not clear cut. Nevertheless, our results are consistent with one set of curves obtained by Tansley et al. (14) . It thus appears very likely that the pigment responsible for the second peak in the retina of the Mexican ground squirrel is one or more of the ground squirrel cone pigments.
These results are consistent with the view that both in rods and in cones the second peak of the early receptor potential arises as a consequence of photoexcitation of the respective visual pigment and that the mechanisms of production of the response in the two cases are essentially similar. Furthermore, the fact that the early receptor potential can be elicited from both rods and cones of various vertebrates suggests that the mechanism of its generation is not critically dependent on any structural differences between rods and cones.
